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Gen®® Symms in QFT

Gaiotto Kapustin Seiberg Willett "14

Main Idea: Global Symms are Topological
Consider D-dim! QFT & Charged Local Op:

“Zero-Form Symmetry”
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Main Idea: Global Symms are Topological
Consider D-dim! QFT & Charged Line Op:

“One-Form Symmetry”
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Top Down QQuestions

e Symmetries of Non-Lagrangian Theories?
6D SCFTs, 5D SCFTs, Some 4D SCFTs,...

e Coupling to Gravity?

e Computing properties of symmetries
Tr(e PHU) = 777
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Branes and Symmetries

Symmetries from Branes
(Top Down)

Branes from Symmetries
(Bottom Up)

CFTp



... Many ...
Apruzzi Bah Bonetti Schafer Nameki 22; Garcia Etxebarria '22; JJH Hubner Torres Zhang 22

Symmetries from Branes

String backgrounds of the form:

Heavy
Defect

Localized
Singularity
(+ Brane Probes)



Branes from Symmetries

CFTp



Branes from Symmetries



U is a Fluctuating Brane

JJH Hiubner Murdia 24
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Corollary: No Global Symmetries

(see also Harlow Ooguri "18)



Symmetries = Branes

Sometimes “known objects” (e.g., D-branes)
Apruzzi Bah Bonetti Schafer Nameki '22; Garcia Etxebarria '22; JJH Hubner Torres Zhang 22

Sometimes “new objects”
(e.g., R7-Branes / Charge Conjugation)

Dierigl JJH Montero Torres '22; Debray Dierigl JJH Montero '23; Dierigl JJH Montero Torres '23

AdS; x S*

Internal Reflection



Symmetries = Branes

;. What is the tension of U?



Tr(e PHY)

QFTp on St x §P-1

U = exp (il/ f Jp_1+ )

Tr(e PHU) = Tr(e PH @)
“Complexified Chemical Potential”



Main Idea

(Euclidean Gravity Throughout)

ZG_IJ U]
j _ <Z/{> _ Tr(e” PHU)
Ze_IJ £ Tr(e—FPH)

JJH Hubner Murdia 25



Main Idea

(Euclidean Gravity Throughout)

Asymptotic AdSpi Boundary CFTp
OXW  =Six gDl 1 §hx§P
Codim-2 Brane U Codim-1 Symm U




Gravitational Saddles

Hawking Page 82
S min
00 0 Or
Thermal AdS:

Witten 98
S' — Cone(SP~1)

IIIIIII

AdS-Schwarzschild:
qgD—-1 _ Coﬂe(Sl) C:{ (}{) g




Gravitational Saddles

Hawking Page ’82

Witten 98
Thermal AdS: AdS-Schwarzschild:
St — Cone(SP—1) SP=1 — Cone(S?)
e Ibh

2 2
ri —£Aqs )

e—Ttn  OXP (SBH X DrI(D-2)7



On-Shell Action + U

ZG—IJ[U]
j _ <Z/{> _ Tr(e” PHU)
E Ze_IJ /8 TI‘(G_BH)

Wrap Brane on minimal cycle of X;

X = S} x P!

JJH Hubner Murdia 25



Thermal AdS

$ioCones”) T g () (Vs

Vol (')/min) — 0




AdS-Schwarzschild + U

IIIIIII

SP=1 — Cone(S?) @ e

— I{ on outer horizon ( ()

Vol(Ymin) = Area(Hor)




On-Shell Action + U

P e U
j _ <Z/{> _ Tr(e PHRu)
Se i B — Tr(e—FPH)
i J
—1I — Iy [U] —BH 5
e Tth L ¢ Tbh o _ Tr(e u) =
e lth4e Ibn <Z/{>ﬁ  Tr(e—BH)

JJH Hubner Murdia 25



AdS-Schwarzschild + U

Probe Approximation

)

el

[bh [Z/{] — Ibh — 87T>C<}N x Area o

Deficit Angle: 0 < vy < 27

Bekenstein-Hawking Entropv: S
g py BH JJH Huibner Murdia 25



Examples



Symmetries of N =4 SYM

e Duality / Triality Defects
Constant 115 |p, q] 7-branes @ infinity

JJH Hibner Torres Zhang Yu ’22

e R-symmetries

KK monopoles from metric isometries
Cveti¢ JJH Hiibner Murdia ’25



Example:
Duality / Triality Defects

4D N =4 su(N) SYM



Duality Defect: CFT4 Picture

Global Form: G = (SU(N)/Zk )m

_ 4m 0
TB = TYM = 5z T 3,

Kaidi Ohmori Zheng ’21; Choi Cordova Hsin Lam Shao '21;
JJH Hiibner Torres Yu Zhang ’22 + Many...

G'=G

T'=—-1/T=1



Gravity Picture

I
bh l

Const. 1 7-brane on S° x S° C AdS; x S°

eXp (—% X SBH) ~ <Z/{>5

JJH Hiibner Torres Yu Zhang ’22
JJH Hubner Murdia 25



Gravity Picture

TIE Lie Algebra | Kodaira Fiber | 7-branes X
exp(27i/6) ex 1 A'BC? |10 x 'i—";
exp(27i /4) ¢7 I11* A°BC* | 9x £
exp(27i /6) eq IV+ A’BC? | 8x &
exp(27i /6) S5 IV A3C 4 x ij’
exp(2mi/4) S, 111 A2C 3 x L
exp(27i/6) 511, I1 AC 2x 22

Const. 1 7-brane on S° x S° C AdS; x S°

eXp (—% X SBH) ~ <Z/{>5

JJH Hiibner Torres Yu Zhang ’22
JJH Hubner Murdia 25



Example:
R-Symmetries

4D N =4 su(N) SYM

JJH Hubner Murdia 25
JJH Hiibner Murdia Cveti¢ ’25



Isom(S®) & R-Symmetries

10D Picture: AdSs x S°
Focus on Cartan: U(1)° C SO(6)
CFTy: Uy = exp(2mi(a1Q1 + a2Q2 + a3Q)3))

AdSs: U, = KK monopole for U(1)°

JJH Hiubner Murdia Cvetic¢ 25



Tension of U,

. . _ X __ ox1t+os+oas3
Tension: 1" = S = Tere

Arav Gauntlett Jiao Roberts Rosen '24; Bomans Tranchedone 24

Cveti¢ JJH Hiibner Murdia 25

e~ (e1tastas)Sen ~ (74 )

g



Cross-Check:
5D BPS Black Holes

JJH Hubner Murdia ’25



Black Holes in AdSs

Chong Cveti¢c Lu Pope ’04;
Kunduri Lucietti Reall '05;

R_Char es: Hosseini Hristov Zaffaroni '17;
g Ql ? QQ’ Q3 Cabo-Bizet Cassani Martelli Murthy ’18;

. Choi Kim Kim Nahmgoong "18;
Ang. Momenta: Ji, Js oo 15

.........

3Iltror)yv FunCtiOn FCI‘it — SBH ISTI?)I;sgii Hristov Zaffaroni '17
I'=1-— 27”:(2@ QaPa + Zj Jjwj)
_QWiA(Za Pa — Zg Wy - 1)

On-Shell Action: I = —mi N2 £12283

Wiw?2



CFT4 Index

R_Ch arees: Cabo-Bizet Cassani Martelli Murthy ’18;
g Ql ? QQ’ Q3 Choi Kim Kim Nahmgoong ’18;
Ang. Momenta: Ji, Js Benini Milan "18,

(Un,) Index = €XP (27Tizoéa,@a — (1 + ag + as3) SBH)

JJH Hiubner Murdia 25

Vo) 1 1
Tr((_l)Fe—B{Q,Q}pJ1+§RqJ2+§Ry‘111y<212ua)

T (-1)Fe (027 BT TRy 22)

<u0¢ > Index —



CFT4 Index

R—ChargeSI QlaQZaQS
Ang. Momenta: Jq, Js

(Un,) Index = €XP (QWiZOéa,Qa — (1 + ag + as3) SBH)
! —

[

Horizon Wrapping

X Area
27 4G N




CFT4 Index

R—Cha,rgeSI Ql:QZaQS
Ang. Momenta: Jq, Js

(Un,) Index = €XP (27Tizaa,Qa — (1 + ag + as3) SBH)
[ I |

/ [

Topological Linking Horizon Wrapping

X Area
27 X 4G N




Linking / Wrapping

(Un) Index = €XP (277732@@@@ — (1 + g + as3) SBH)

e

4'51.(153




More Examples



Further Examples

JJH Hubner Murdia ’25

e AdS; / CFT,

e 4D N =1 SCFTs via D3’s at Cone(SE5)
Symmetry Ops via wrapped Dp-branes

e R-Charged Black Holes
<Z/{a>/8 — €XP (27”52@@@@ — (al + Qo + 053) SBH)



Summary / Future



What Was This Talk About?

e Symmetries = Branes ﬂ‘

e Tensions & Thermal Expectation Values



Future Directions

e Other gravitational saddles?

e Phase Structure of R-Charged Black Holes?

", It

A 7

M"\.\ 'f;fN

\\ ..-'*f L{

. . Y Py
e Lorentzian Signature? > O
.--""‘IIIIr \\
r *
+ ™,
i b

.e""f *

o ™,




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43

